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METHOD AND DEVICE POSITIONING A
LINEAR ARRAY OF ELECTRODES IN A
PATIENT’S RESPIRATORY AIRWAYS

PRIORITY CLAIM

This application 1s a Divisional of U.S. patent application
Ser. No. 12/239,134 filed on Sep. 26, 2008, now U.S. Pat.

No. 8,485,980, and claims the benefit of U.S. Provisional
Patent Application Ser. No. 60/960,430 filed on Sep. 28,
2007 and Swedish Patent Application No. SE 0702191-8
filed on Sep. 28, 2007, the specifications of which are
expressly incorporated herein, in their entirety, by reference.

FIELD

The present invention generally relates to ventilatory
assist. More specifically, the present invention 1s concerned
with a method and device for positioning a linear array of
clectrodes 1n view ol measuring the electrical activity of a
respiratory muscle, for example the diaphragm.

BACKGROUND

Neurally Adjusted Ventilatory Assist (NAVA) uses the
clectrical activity of the patient’s diaphragm (EAdi) to
trigger and cycle-ofl the pressure delivered to the patient’s
respiratory airways (Paw), as well as to adjust this pressure
Paw 1n proportion to the electrical activity EAd1 throughout
patient’s inspiration (Sinderby et al. [5]). The electrical
activity EAd1 of the patient’s diaphragm 1s representative of
the patient’s respiratory drive and 1s ifluenced by facili-
tatory and inhibitory feedback loops that integrate informa-
tion from mechano- and chemo-receptors as well as volun-
tary and behavioral mputs (Alla et al. [1]; Sinderby et al.

4]). With NAVA, the electrical activity EAdi of the patient’s
diaphragm simultaneously controls the diaphragm and the
ventilator which hence conceptually acts as an external
“respiratory muscle”. Studies 1n animals and healthy human
volunteers show that NAVA efliciently unloads the respira-
tory muscles, prevents excessive lung distension (Sinderby
et al, [4]; Beck et al. [2]; Allo at al. [1]) and improves
patient-ventilator synchrony (Beck at al. [2]). NAVA 1s
described 1n U.S. Pat. No. 5,820,560 (Sinderby at al.)
entitled “Inspiratory Proportional Pressure Assist Ventilation
Controlled by a Diaphragm Electromyographic Signal” and
in U.S. Pat. No. 6,588,423 (Synderby) entitled “Method and
Device Responsive to Myoelectrical Activity for Triggering
Ventilatory Support”.

The electrical activity EAd1 of the patient’s diaphragm 1s
derived from a linear array of electrodes such as 10 (FIG. 1)
and a reference electrode (not shown) mounted on the distal
end section of a naso-gastric feeding esophageal catheter 11.
The esophageal catheter 11 consists of a multiple lumen
esophageal catheter. The electrodes 10 can be formed by
wrapping a wire at least one turn around the catheter 11 after
having removed the insulation from the wire. The esopha-
geal catheter 11 and the linear array of electrodes 10 are then
coated with hydrophilic medical grade polyurethane (not
shown), providing a conductive and slippery surface cover-
ing the electrodes 10. This slippery surface eases insertion of
the esophageal catheter 11 through the mouth or a nostril and
then through the esophagus until the linear array of elec-
trodes reaches the patient’s diaphragm and reduces iriction
between the catheter/electrodes and patient’s mucosa. All
the EAdi signals such as 12 are differentially recorded. More

specifically, as depicted 1n FIG. 1, the signal 13 between the

10

15

20

25

30

35

40

45

50

55

60

65

2

first and second electrodes (electrode pair 1), the signal 14
between the second and third electrodes (electrode pair 2),
the signal 15 between the third and fourth electrodes (elec-
trode pair 3), and so on (until electrode pair 7 in the example
of FIG. 1) are recorded. As illustrated in FIG. 1, all the EAdi
signals 12 can be summed to enable an ECG trigger to detect
patient’s ECG (see signal 16 at the top of FIG. 1 and U.S.
Pat. No. 5,671,752 (Sinderby at al.) entitled “Diaphragm
Electromyography Analysis Method and System™).

As shown 1n FIG. 2, a cross-correlation algorithm (see
curve 20) 1s used to determine the most negatively correlated
pairs of electrodes 10. The EAd1 signals from these most
negatively correlated pairs of electrodes 10 are assumed to
represent the electrical activity EAdi of the patient’s dia-
phragm when the linear array of electrodes 10 passes
through the diaphragm and 1s substantially centered about
the patient’s diaphragm (see U.S. Pat. No. 6,584,347
(Sinderby) entitled “Disturbance-Free Electromyographlc
Probe’; Published US Patent Application 2004/0230110 Al
(Sinderby ¢t al.) entitled “Control of Inter-Flectrode Resis-
tivity to Improve Quality of Measured Electrical Biological
Signals”; Beck at al. [3]; and Sinderby et al. [6]).

In brief, the human crural diaphragm forms a few centi-
meter thick muscular tunnel around the esophagus, where
the muscle fibers run mostly perpendicular to the esophageal
catheter 11. The diaphragm around the esophagus defines an
clectrically active region (EARd1) during contractions. The
linear array of electrodes 10 within the esophagus 1s oriented
perpendicular to this region. As 1llustrated by the curve 20
of FIG. 2, EAdi signals measured simultaneously via pairs
of electrodes 10 (among clectrode pairs 1-7) posmoned on
the same side of the diaphragm have a correlation coeflicient
close to +1, whereas EAd1 signals measured via pairs of
clectrodes 10 on opposite sides of the diaphragm have a
correlation coeflicient close to —1. Such cross-correlation
analyses are performed between segments of non-processed
differentially recorded EAdi signals obtained via the seven
pairs 1-7 of electrodes 10. The most negative correlation
coellicient between any two pairs of electrodes (between
clectrode pairs 3 and 5 1n the example of FIG. 2) indicates
that the respective EAdi signals are the most reversed in
polarity. The electrode(s) 10 located between these two most
negatively correlated pairs 1s(are) the electrode(s) closest to
the center of the EARd1 region.

In order to effectively detect the electrical activity EAd1 of
the patient’s diaphragm, the array of electrodes on the distal
end section of the esophageal catheter must be adequately
positioned at the level of the diaphragm. This position will
also allow the linear array of electrodes 10 to cover the
ispiratory and expiratory displacement of the diaphragm.

However, a problem when detecting electrical activity
EAdi of the patient’s diaphragm 1s positioning of the cath-
cter within the patient’s oesophagus. To obtain proper EAdi
signals some of the electrodes of the linear array should be
placed above the diaphragm and some below the patient’s
diaphragm. There 1s a possibility that the esophageal cath-
cter 11 will be 1nserted too far, or not be 1nserted far enough.
In both cases the array of electrodes 10 mounted on the distal
end section of the esophageal catheter 11 will detect either
weak EAd1 signals or even may not capture any signal at all.
The esophageal catheter 11 may also capture myoelectrical
signals from other muscles instead of, or 1n addition to, the
EAdi signals from the patient’s diaphragm. Hence, there 1s
a need for an improved method and device for appropniately
positioning a linear array of electrodes mounted on a distal
end section of an esophageal catheter 1n a patient’s respira-
tory airways at the level of the patient’s diaphragm.
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SUMMARY

According to the present mvention, there 1s provided a
method for positioning a linear array of electrodes mounted
on a distal end section of an elongated flexible member mna 5
patient’s respiratory airways at the level of the patient’s
diaphragm, comprising: inserting through the patient’s
respiratory airways a length of the elongated flexible mem-
ber pre-determined to position the linear array of electrodes
at the level of the patient’s diaphragm; detecting through the 10
clectrodes of the linear array signals representative of an
clectrical activity of the patient’s diaphragm (EAd1); detect-
ing ECG signal components in the EAdi signals; and detect-
ing the position of the linear array of electrodes i the
patient’s respiratory airways 1n response to the detected 15
ECG signal components 1in the EAdi signals.

The present invention also relates to a method for posi-
tioming a linear array of electrodes mounted on a distal end
section of an elongated flexible member 1 a patient’s
respiratory airways at the level of the patient’s diaphragm, 20
comprising: mserting through the patient’s respiratory air-
ways a length of the elongated flexible member pre-deter-
mined to position the linear array of electrodes at the level
of the patient’s diaphragm; detecting through the electrodes
of the linear array signals representative of an electrical 25
activity of the patient’s diaphragm (EAd1); detecting lower
esophageal sphincter activity in the EAdi signals; and
detecting the position of the linear array of electrodes 1n the
patient’s respiratory airways in response to the detected
lower esophageal sphincter activity. 30

According to the present invention, there 1s also provided
a device for positioning a linear array of electrodes mounted
on a distal end section of an elongated flexible member 1n a
patient’s respiratory airways at the level of the patient’s
diaphragm, wherein a length of the elongated flexible mem- 35
ber pre-determined to position the linear array of electrodes
at the level of the patient’s diaphragm 1s first inserted
through the patient’s respiratory airrways and wherein the
device comprises: means lfor detecting through the elec-
trodes of the linear array signals representative of an elec- 40
trical activity of the patient’s diaphragm (EAdi1); means for
detecting ECG signal components in the EAd1 signals; and
means for detecting the position of the linear array of
clectrodes 1n the patient’s respiratory airways 1n response to
the detected ECG signal components in the EAdi signals. 45

The present invention further relates to a device for
positioning a linear array of electrodes mounted on a distal
end section of an elongated flexible member 1n a patient’s
respiratory airways at the level of the patient’s diaphragm,
wherein a length of the eclongated flexible member pre- 50
determined to position the linear array of electrodes at the
level of the patient’s diaphragm 1s first inserted through the
patient’s respiratory airways and wherein the device com-
prises: a first detector of signals representative of an elec-
trical activity of the patient’s diaphragm (EAdi) through the 55
clectrodes of the linear array; a second detector of ECG
signal components 1n the EAdi signals; and a third detector
of the position of the linear array of electrodes in the
patient’s respiratory airways in response to the detected
ECG signal components 1n the EAd1 signals. 60

According to the present invention there 1s further pro-
vided a device for positioming a linear array of electrodes
mounted on a distal end section of an elongated flexible
member 1n a patient’s respiratory airways at the level of the
patient’s diaphragm, wheremn a length of the elongated 65
flexible member pre-determined to position the linear array
of electrodes at the level of the patient’s diaphragm 1s first
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inserted through the patient’s respiratory airways and
wherein the device comprises: means for detecting signals
representative of an electrical activity of the patient’s dia-
phragm (EAd1) through the electrodes of the linear array;
means for detecting lower esophageal sphincter activity in
the EAd1 signals; and means for detecting the position of the
linear array of electrodes 1n the patient’s respiratory airways
in response to the detected lower esophageal sphincter
activity.

The present mvention still further relates to a device for
positioning a linear array of electrodes mounted on a distal
end section of an elongated flexible member 1n a patient’s
respiratory airways at the level of the patient’s diaphragm,
wherein a length of the elongated flexible member pre-
determined to position the linear array of electrodes at the
level of the patient’s diaphragm 1s first inserted through the
patient’s respiratory airways and wherein the device com-
prises: a first detector of signals representative of an elec-
trical activity of the patient’s diaphragm (EAdi) through the
clectrodes of the linear array; a second detector of lower
esophageal sphincter activity 1in the EAdi signals; and a third
detector of the position of the linear array of electrodes in the
patient’s respiratory airways in response to the detected
lower esophageal sphincter activity.

Also 1n accordance with the present invention, there 1s
provided a method for positioning a linear array of elec-
trodes mounted on a distal end section of an elongated
flexible member 1n a patient’s respiratory airways at the
level of the patient’s diaphragm, comprising;

in a first operation:

inserting through the patient’s respiratory airways a
length of the elongated tlexible member pre-determined to
position the linear array of electrodes at the level of the
patient’s diaphragm:;

in a second operation:

detecting through the electrodes of the linear array signals
representative of an electrical activity of the patient’s dia-
phragm (EAd1);

detecting ECG signal components in the EAdi signals;
and

a first detection of the position of the linear array of
clectrodes 1n the patient’s respiratory airways in response to
detection of ECG signal components 1n the EAd1 signals;

in a third operation:

detecting lower esophageal sphincter activity in the EAd:
signals; and

a second detection of the position of the linear array of
clectrodes 1n the patient’s respiratory airways in response to
the detected lower esophageal sphincter activity; and

in a fourth operation:

performing an end-expiratory occlusion of the patient’s
respiratory airways;

verifying during the end-expiratory occlusion that the
clectrical activity of the diaphragm coincides with a negative
deflection of the patient’s respiratory airways pressure; and

a third detection of adequate positioning of the linear
array ol electrodes 1n the patient’s respiratory airways when
the electrical activity of the diaphragm coincides with a
negative detlection of the patient’s respiratory airways pres-
sure during the end-expiratory occlusion.

The present invention also relates to a device for posi-
tioning a linear array of electrodes mounted on a distal end
section of an elongated flexible member 1n a patient’s
respiratory airways at the level of the patient’s diaphragm,
wherein a length of the elongated flexible member pre-
determined to position the linear array of electrodes at the
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level of the patient’s diaphragm 1s first inserted through the
patient’s respiratory airways and wherein the device com-
Prises:

a detector of signals representative of an electrical activity
of the patient’s diaphragm (EAdi) through the electrodes of
the linear array;

a detector of ECG signal components 1in the EAd1 signals;
and a detector of the position of the linear array of electrodes
in the patient’s respiratory airways 1n response to detection
of ECG signal components in the EAdi signals;

a detector of lower esophageal sphincter activity in the
EAdi signals; and a detector of the position of the linear
array ol electrodes 1n the patient’s respiratory airways in
response to the detected lower esophageal sphincter activity;
and

an occluder for performing an end-expiratory occlusion of
the patient’s respiratory airways; a detector, during the
end-expiratory occlusion, that the electrical activity of the
diaphragm coincides with a negative deflection of the
patient’s respiratory airways pressure; and a detector of
adequate positioning of the linear array of electrodes 1n the
patient’s respiratory airways when the electrical activity of
the diaphragm coincides with a negative deflection of the
patient’s respiratory airways pressure during the end-expi-
ratory occlusion.

The foregoing and other objects, advantages and features
of the present mvention will become more apparent upon
reading of the following non-restrictive description of illus-

trative embodiments thereof, given by way of example only
with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE

DRAWINGS

In the appended drawings:

FI1G. 1 1s a graphical representation of an example of
signals derived from a linear array of electrodes;

FIG. 2 1s a graphical representation of an example of
determination of the EARdi1 center via a cross-correlation
algorithm;

FIG. 3 1s a flow chart of the operations of a non-restrictive
illustrative embodiment of the method according to the
invention, for positioning a linear array of electrodes 1n a
patient’s respiratory airways at the level of the patient’s
diaphragm;

FIG. 4 1s a block diagram of a non-restrictive illustrative
embodiment of the device according to the invention, for
positioning a linear array of electrodes in a patient’s respi-
ratory airways at the level of the patient’s diaphragm:;

FIG. 5§ 1s a schematic view showing the anatomical
measurement of the nose-to-ear-to-xiphoid distance;

FIG. 6 1s a graph of the nose-to-ear-to-xiphoid distance vs
the distance from the nose to the center of the linear array of
electrodes:

FIG. 7a 1s a graph showing that the ECG signal from the
pairs of electrodes positioned above the diaphragm contains
visible P-wave and QRS complex;

FIG. 7b 1s a graph showing that the ECG signals from all
the pairs of electrodes contain a P-wave when the linear
array of electrodes 1s positioned too far up in the esophagus;

FIG. 7¢ 1s a graph showing that the QRS complex
disappears ifrom the ECG signals when the corresponding
pairs of electrodes approach the patient’s upper respiratory
alrrways;

FI1G. 7d 1s a graph showing that the P-wave 1s absent from
the ECG signals when the corresponding pairs of electrodes
1s 1nserted in the patient’s stomach;
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FIG. 8 1s a first graph showing lower esophageal sphincter
(LES) activity in EAd1 signals;

FIG. 9 1s a graph showing LES activity in EAd1 signals;

FIG. 10 1s a graph illustrating the amplitude of the ECG
signal as a function of time and electrode pairs;

FIG. 11 1s a flowchart of a method for determining the
position of the esophageal catheter relative to the dia-
phragm; and

FIG. 12 1s a graph illustrating an example of a user
interface for displaying information related to positioning of
the array of electrodes.

DETAILED DESCRIPTION

The present disclosure refers to a number of documents
which are herein incorporated by reference in their entirety.

As mentioned 1n the foregoing description, adequate
detection of the electrical activity EAd1 of the patient’s
diaphragm 1s dependent on the position of the linear array of
clectrodes 10 mounted on the distal end section of the
esophageal catheter 11 (elongated flexible member). Also,
the linear array of electrodes 10 on the esophageal catheter
11 1s advantageously positioned i such a manner that this
linear array of electrodes covers the mspiratory and expira-
tory displacements of the diaphragm.

Therefore, the present disclosure describes a number of
operations that have been developed to adequately position
the linear array of electrodes 10 at the level of the patient’s
diaphragm.

Each operation performed by the method and device for
positioning the linear array of electrodes 10 mounted on the
distal end section of the esophageal catheter 11 1n the
patient’s esophagus (patient’s respiratory airways) at the
level of the patient’s diaphragm will now be described.
Anatomical Measures

Anatomical measures provide the first landmark for posi-
tioning the linear array of electrodes 10 at the level where
the esophagus passes through the patient’s diaphragm. It has
been found that the nose-to-ear-to-xiphoid distance (NEX
distance 1n FIG. 5) 1s related to the distance inside the
patient’s body from the patient’s nose or mouth to the
diaphragm. For example, as depicted by the graph of FIG. 6,
the length of esophageal catheter 11 to be inserted through
the patient’s nose to position the linear array of electrodes 10
at the level of the patient’s diaphragm can be predicted or
estimated, 1.e. pre-calculated by multiplying the nose-to-ear-
to-xiphoid distance by a regression coeflicient of 0.82; the
inserted length of esophageal catheter 1s determined from
the center of the linear array of electrodes 10. With oral
insertion of the esophageal catheter 11, the estimated length
ol esophageal catheter 11 1s pre- calculated by multlplymg
the nose-to-ear-to-xiphoid distance by a regression coetli-
cient of 0.74; again the inserted length of esophageal cath-
cter 1s measured from the center of the linear array of
clectrodes 10.

(Given this extremely strong correlation between anatomi-
cal measures and the distance through the patient’s respira-
tory airways 1.e. Irom the nose or mouth through the
esophagus to the diaphragm, a first operation 301 (FIG. 3) 1n
positioning of the linear array of electrodes 10 1s to measure
the nose-to-ear-to-xiphoid distance.

In operation 302 (FIG. 3), the measured nose-to-ear-to-
x1phoid distance 1s mnput to a catheter length calculator 4011
of the catheter insertion monitoring system 401 (FIG. 4)
along with an indication as to whether the catheter will be
inserted through the patient’s nose or mouth.
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In operation 303, the catheter length calculator 4011
multiplies the measured nose-to-ear-to-xiphoid distance by
the appropriate one of the above regression coellicients
depending on whether the esophageal catheter 11 will be
inserted through the patient’s nose or mouth. The catheter
insertion monitoring system 401 further comprises a display
4012 on which 1s displayed the length of esophageal catheter
11 to be inserted through the patient’s nose or mouth as
predicted or estimated, 1.e. pre-calculated by multiplying the
measured nose-to-ear-to-xiphoid distance by the appropnate
regression coetlicient.

In operation 304, the catheter insertion monitoring system
401 (FIG. 4) comprises a catheter insertion length monitor
4013 for monitoring the 1nsertion of the esophageal catheter
11 through either the patient’s nose or mouth. For that
purpose, the catheter insertion length monitor 4013 may
comprise a detector (not shown) for measuring the length of
esophageal catheter 11 from the center of the linear array of
clectrodes 10 that has been inserted through the patient’s
nose or mouth through the esophagus (patient’s respiratory
airrways) and the display 4012 will display this measured
inserted catheter length. For example, the catheter length
measuring detector can be any available optical, mechanical,

clectrical or video processing detector of linear displace-
ment.

In operation 305, the esophageal catheter 11 i1s mserted
and advanced though the mouth or nose and the esophagus
(patient’s respiratory airways) until the displayed, measured
length of esophageal catheter 11 having been inserted
through the patient’s respiratory airways has reached the
pre-calculated catheter length as indicated on the display of
the catheter insertion monitoring system 401.

ECG Vernfication of the Position of the Array of Electrodes

Verification of adequate positioning of the array of elec-
trodes 10 at the level of the patient’s diaphragm 1s then
performed to exclude mappropriate positioning should, for
example, the esophageal catheter 11 be inserted into a lung.

This verification of the adequate positioning of the array
of electrodes 10 can be performed by visual inspection of the
raw EAd1 signals (for example signals 12 in FIGS. 1 and 2)
derived from each of the seven (7) pairs 1-7 of electrodes 10
(FIGS. 1 and 2).

The heart 1s positioned next to the esophagus with 1ts base
on the diaphragm. Even though the heart then becomes the
most powerful source of cross-talk 1n the EAd1 signals 12
(FIGS. 1 and 2), its anatomical features gives advantages in
terms ol verifying adequate positioning of the array of
clectrodes 10 at the level of the patient’s diaphragm.

Typically, an ECG signal component derived from the
pairs of electrodes 10 above the diaphragm contains a
clearly visible P-wave and a QRS complex as 1illustrated by
the EAdi1 signals 700 of FIG. 7a. In the distal direction of the
array ol electrodes 10, the EAd1 signals, for example the
signals 701, that are obtained from pairs of electrodes below
the patient’s diaphragm and that approaches the stomach
shows an absence of a P-wave and a lower-amplitude QRS
complex (FIG. 7a). Also, when the array of electrodes 10 1s
positioned too far up 1n the esophagus all the channels (all
the EAd1 signals 703 from all the pairs of electrodes 10)
show a P-wave and a QRS complex (FIG. 7b). When
clectrodes 10q of the linear array approach the upper portion
of the patient’s respiratory airways (FIG. 7¢) the QRS
complex disappears as shown by EAd1 signals 704 1n FIG.
7c. Finally, when the electrodes 10 of the linear array are
inserted into the patient’s stomach, the P-wave 1s absent as

illustrated by the EAdi signals 705 of FIG. 7d.
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Therefore, a second landmark for adequate positioning of
the linear array of electrodes 10 with respect to the dia-
phragm 1s derived through inspection of the ECG signal
components contained in the EAdi signals. For that purpose,
the following operations are conducted.

In operation 306 of FIG. 3, a P-wave and QRS complex
detector 402 (FIG. 4) 1s supplied with the EAd1 signals 12
(FIGS. 1 and 2) from the electrode pairs 1-7 to detect the
presence or absence of a P-wave and QRS complex com-
ponents in the different EAd1 signals 12.

For that purpose, 1n operation 307, the P-wave and QRS
complex detector 402 first eliminates or reduces the EAdi
signal components from the EAdi signals 12. The P-wave
and QRS complex detector 402 comprises, to that eflect, a
band-pass filter 4021 for processing the EAdi signals 12 for
the purpose of enhancing the ECG signal components while
suppressing or attenuating the EAdi signal components.
Alternatively, the P-wave and QRS complex detector 402
may comprise a processor 4022 for applying to the EAdi
signals 12 a polynomial function enhancing the ECG signal
components while suppressing or attenuating the EAd1 sig-
nal components.

In operation 308, the P-wave and QRS complex detector
402 then detects 1n the output signals from the band-pass
filter 4021 or polynomial function applying processor 4022
the presence or not of a P-wave and/or a QRS complex.
Detection of ECG signal components on all channels (elec-
trode pairs 1-7) quite simultaneously indicates the presence
of a QRS complex on all channels. Also, if the QRS complex
1s preceded within a brief period of time by an amplitude
appearing only on the most proximal channels (for example
clectrode pairs 5-7) of the array of electrodes 10, this i1s
indicative ol a P-wave on these most proximal pairs of
clectrodes 10.

In operation 309, detection by the P-wave and QRS
complex detector 402 of (a) the presence of a P-wave on the
most proximal channels (for example electrode pairs 3-7),
1.e. close to the atrium, (b) the absence of a P-wave on the
most distal channels (for example electrode pairs 1-3), 1.e. in
the stomach, and (c) the presence of a QRS complex on all
the channels (electrode pairs 1-7) 1s indicative of adequate
positioning of the array of electrodes 10 i the patient’s
respiratory airways at the level of the patient’s diaphragm.

In Operation 310, detection by the P-wave and QRS
complex detector 402 of the absence of the above pattern 1s
indicative of erroneous positioning of the array of electrodes
10 with respect to the diaphragm or cardiac anomaly.

Another non-restrictive illustrative embodiment for ver-
tying correct positioning of the array of electrodes 10 using
the ECG will now be described in connection with FIGS.
10-12.

When the position of the linear array or electrodes 10 1s
approximately right each of the EAd:1 signals contains an
ECG signal component since the electrodes 10 of the linear
array will 1nevitably pick up the heart activity. Pairs of
clectrodes 10 that are positioned above the patient’s dia-
phragm will detect a higher amplitude of the ECG signal
than pairs of electrodes 10 that are positioned below the
diaphragm, since the patient’s diaphragm will cause a sig-
nificant damping of the ECG signal amplitude.

The damping between the electrode pairs may be deter-
mined i a number of different ways. For example the
difference between the peak-to-peak ECG signal amplitudes
for each pair of electrodes 10 may be used. Alternatively the
signal may be integrated to obtain the area, or the root mean
square of the ECG signal at each pair of electrodes 10. The
actual way of determining the damping 1s not essential.
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When the P-wave amplitude 1s larger than the amplitude
of the QRS complex, 1t may be necessary to separate the
damping of the P-wave amplitude from the damping of the
total ECG amplitude. The P-wave amplitude often decreases
rapidly with the distance between the pair of electrodes 10
and the atrium. Thus a large reduction of amplitude may be
detected above the patient’s diaphragm and another large
reduction of amplitude may be detected further down the
linear array or electrodes 10 caused by the diaphragm. To
distinguish the damping of the P-wave and the damping of
the total ECG amplitude 1t 1s considered that the P-wave
amplitude often decreases rapidly above the patient’s dia-
phragm.

Starting at the lower end of the linear array or electrodes
10 it can be seen that a correctly placed linear array or
clectrodes 10 will have a low ECG signal amplitude on the
pairs of electrodes 10 close to the stomach, a significant
increase ol the ECG signal amplitude at the pairs of elec-
trodes 10 placed above the diaphragm, and then, in some
cases, an additional increase of the ECG signal amplitude for
the upper pairs of electrodes 10 placed close to the patient’s
atrium caused by a strong P-wave. However, 1n many cases
the P-wave amplitude 1s non-existent, or minor, compared to
the amplitude of the QRS complex.

The position of the diaphragm can be detected by mea-
suring the EAdi signals through all the pairs of electrodes 10
continuously or within short time intervals, calculating the
ECG signal amplitude on each pair of electrodes 10 and
comparing the calculated ECG signal amplitudes from all
the pairs of electrodes 10. Then the largest difference of
ECG signal amplitude, damping, between at least two pairs
of electrodes 10 1s determined. The comparison between the
pairs of electrodes 10 may, for example, be carried out
according to the following procedure:

Starting at the lower end, the tip of the esophageal
catheter 11, and going upwards along the linear array or
clectrodes 10:

Ascertain a relatively low ECG signal amplitude on the

lower pair of electrodes 10;

Compare the ECG si1gnal amplitudes of the lowest pair of
clectrodes 10 and second lowest pair of electrodes, then
of the second and third lowest, and so on;

Determine the first significant increase of ECG signal
amplitude along the linear array or electrodes 10.

The graph of FIG. 10 illustrates the variation in the ECG
signal amplitude recorded by each of the pairs of electrodes
10. The electrode pairs are numbered 1-8 for a linear array
of nine (9) electrodes, 1 being the pair formed by the two
first electrodes 10 inserted into the patient, and 8 being the
pair formed by the two last electrodes 10 inserted 1nto the
patient, that 1s, the uppermost pair of electrodes 10. As can
be seen, the ECG signal amplitude varies between the pairs
of electrodes 10. In the example of FIG. 10 the largest
difference between two neighbouring pairs of electrodes 10
1s found between pairs 4 and 5. Alternatively, the highest
damping between combinations of three neighbouring pairs
of electrodes 10 may be considered. It might be assumed that
the amplitude should vary in the same direction between all
pairs of electrodes 10, that 1s, that the amplitude recorded by
clectrode pair 1 should be higher than that of pair 2, which
should 1n turn be higher than that of pair 3, etc. That this 1s
not always the case 1s caused by other factors. For example,
the P-wave, 1 present, might have an impact on the overall
ECG signal amplitude.

The 1nitial positioning of the linear array or electrodes 10
mounted on the distal end section of the esophageal catheter
11, before carrying out the method, should be made as
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precisely as possible using for example the above describe
method. Advantageously, most of the electrodes 10 should
be positioned below the diaphragm when starting the posi-
tioning of the linear array or electrodes 10 to avoid confus-
ing the P-wave with the ECG signal. Therefore, it 1s rec-
ommended to use an estimated positioning method for the
initial positioning. An examples of such method, using
NEX, 1s discussed 1n the foregoing description.

In order to detect the right position a simple registration
of the EAdi signals from all pairs of electrodes 10 may
suflice. FIG. 11 proposes a more elaborated method of
optimizing the positioming of the linear array or electrodes
10 relative to the patient’s diaphragm.

Step 1101: Insert the catheter. To assist in inserting the
catheter, an approximate positioning method may be used,
for example using NEX as described in the foregoing
description. Alternatively, the depth may be estimated based
on experience. The catheter 1s advantageously first mserted
a bit less deep than the measured or estimated depth.

Step 1102: Register the bioelectric signals (EAdi signals)
detected by each of the pairs of electrodes 10. These EAdi
signals will comprise an ECG signal component.

Step 1103: Determine the ECG signal component of the
EAdi signal detected by each of the pairs of electrodes 10.

Step 1104: Change the position of the esophageal catheter
11. If the catheter was inserted to less that the estimated
depth 1n step 1101, this involves inserting the esophageal
catheter 11a bit deeper, for example, a distance correspond-
ing to the distance between two pairs of electrodes 10, or
twice that distance, deeper into the patient’s oesophagus.

Step 1105: Register the EAd1 signals detected by each of
the pairs of electrodes 10. These EAdi signals will comprise
an ECG signal component.

Step 1106: Determine the ECG signal component 1n the
EAdi signals detected by each of the pairs of electrodes 10.

Steps 1105 and 1106 may be repeated as many times as
required or desired for different positions of the linear array
or electrodes 10 on the esophageal catheter 11, to produce
different signals for comparison.

Step 1107: When at least two sets of ECG signals have
been determined the position of the linear array or electrodes
10 relative to the diaphragm for each of the depths can be
determined. Based on this an appropriate location of the
linear array or electrodes 10 on the distal end section of the
esophageal catheter 11 can be achieved.

The result of the comparison of the ECG signal ampli-
tudes from the different pairs of electrodes 10 may be
presented to the operator 1n any suitable way, for example as
shown in the graph of FIG. 12. FIG. 12 1s essentially a
two-dimensional representation of a curve similar to the one
shown 1n FIG. 10, mntended solely as an example.

As m FIG. 10, the positions of the eight pairs 1-8 of
clectrodes 10 are marked along the X-axis, 1 being the first
clectrode pair mnserted mto the patient and 8 being the
uppermost electrode pair. The Y-axis represents the ampli-
tude of the ECG signal component for each electrode parr.
As can be seen the difference between the ECG amplitudes
recorded by adjacent electrode pairs, that 1s the damping of
the ECG signal between adjacent electrode pairs, varies. In
this example, the largest difference 1s found between elec-
trode pairs 3 and 4, which means that the diaphragm 1s
located between electrode pairs 3 and 4 1n this particular
case. Typically, immediately above the diaphragm the ECG
component will drop again.

This method may be combined with several conditions.
For example, a requirement may be that the ECG amplitude
1s lower for the electrode pairs having lower numbers than
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tor the electrode pairs having higher numbers. A minimum
level for the difference may be set to ensure that the
difference 1s actually caused by the damping caused by the
diaphragm and not merely by, for example, the 1ncreasing
distance from the heart.

It 1s also possible to filter out the P-wave before process-
ing the ECG si1gnal to ensure that the ECG signal amplitude
registered 1s actually the amplitude of the QRS wave. How
to filter out the P-wave 1s well known to those of ordinary
skill 1n the art.

Lower Esophageal Sphincter (LES) Activity Verification of
Electrode Array Position

The lower esophageal sphincter (LES) constitutes a nar-
row smooth muscle band of the esophagus positioned at or
just below the level where the esophagus passes though the
diaphragm. Hence, LES activity also constitutes a source of
crosstalk to the EADd1 signals 12. Signal components hav-
ing slow wavetorms and high amplitude and likely related to
the LES are typically caught by pairs of electrodes 10
immediately below the diaphragm 1n the region where the
LES 1s expected to be located. These LES signal compo-
nents are typically occurring intermittently. Examples are
presented in FIGS. 8 and 9 for a number of eight (8) EAd1
signals captured by a linear array of nine (9) electrodes
forming eight (8) pairs of electrodes. Due to the local source
of the LES, the LES signal components will, due to the
configuration of the linear array of electrodes 10 shown 1n
FIGS. 1 and 2, appear with opposite polarities above and
below the LES 1n a manner similar to the EAdi1 signals 12 of
FIGS. 1 and 2.

Naturally, a visual 1nspection of the EAd1 signals 12 of
FIGS. 1 and 2 can be used to detect and evaluate the
amplitude and other characteristics of the LES signal com-
ponents.

However 1t 1s also possible to automatically determine the
position and/or the presence of LES activity through a LES
activity detector 403 (FIG. 4).

Due to the inverse polarity of two adjacent channels, a
cross-correlation algorithm can be used to determine the
location of the LES signal components. Also, since the LES
wavelorm 1s very slow, the significantly higher frequencies
of the EAdi signals can be removed through approprate
filtering or by applying a polynomial function.

In operation 311, the LES activity detector 403 comprises
a low pass or band-pass filter 4031 to filter the EAdi signals
12 to remove the significantly higher frequencies of the
EAdi signal components and thereby 1solate the LES signal
components. This prevents the EAdi signal components to
allect the subsequent correlation to determine LES position.
Alternatively, the LES activity detector 403 may comprises
a processor 4032 for applying a polynomial function to the
EAdi signals 12 1in order to enhance the LES signal com-
ponents and again prevent the EAd1 signal components to
aflect the subsequent correlation to determine LES position.

Since the remaining signal from operation 311 1s mostly
representative of the LES signal components, the LES
activity detector 403 comprises a correlator 4033 (not
shown) of the remaining signals from adjacent channels
(electrode pairs 1-7) with interruption during ECG detec-
tions (operation 312). Alternatively, the LES activity detec-
tor 403 may comprise a detector 4034 of ECG signal
components that replace the detected ECG signal compo-
nents by zero padding to prevent theses ECG signal com-
ponents to interfere with the correlation. Obtaiming during,
operation 312 a negative strong correlation suggests that the
lower sphincter 1s active and 1f this negative strong corre-
lation 1s located at or just below the channels (electrode
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pairs) indicating the position of the EARd1 center (FIG. 2),
this confirms 1n operation 313 adequate positioming of the
array or electrodes 10. In operation 313, detection of LES
activity at or below the channels (electrode pairs) where the
P-waves disappear can also be used to confirm adequate
positioning of the array of electrodes 10.

Hence, a third landmark for adequate positioning of the
array of electrodes 10 at the level of the patient’s diaphragm
1s derived by ensuring that LES activity occurs in the
immediate proximity, 1.€. at or just below the electrode pairs
that indicates the location of the EARdi1 center, for example
clectrode pairs 3-5 1n the example of FIG. 2.

Therefore, the LES activity detector 403 also enables
monitoring of LES activity.

Verification that Electrode Array Signal does not Contain
Expiratory Muscle Signals.

The diaphragm 1s an mspiratory muscle and hence eflec-
tive for controlling inspiratory assist. Given a route starting
in the mouth, passing through the esophagus and ending 1n
the stomach, the position of the diaphragm 1s below the
upper respiratory airways and above the stomach. The upper
respiratory airways can generate phasic activity which can
be 1n phase with either inspiration or expiration or both. If
the electrodes 10 are located in the stomach they can
potentially detect the EAdi signals from below the dia-
phragm, or detect expiratory muscle activity from the
abdominal muscles 11 active.

Hence, as a final precaution, an end-expiratory occlusion
of the upper respiratory airways can be performed to verity
that the EAd1 activity coincides with a negative deflection of
the airway pressure measured by the ventilator.

For that purpose, an end-expiratory airway occluder 404
(FI1G. 4) can be used to perform an automatic end-expiratory
occlusion of the upper airrways when the prior operations
have not confirmed adequate positioning of the array of
clectrodes 10. The end-expiratory airway occluder 404 then
verifies that the EAdi1 activity coincides with a negative
deflection of the upper airway pressure for example as
measured by the wventilator. To continuously confirm
adequate positioning of the array of electrodes 10, the
end-expiratory airway occluder 404 can automatically 1ni-
tiate the end-expiratory occlusion at given time intervals.

This fourth landmark ensures that signals antagonistic to
inspiration are not measured.

When any of the above three (3) ECG, LES and expira-
tory muscle verifications did not confirm adequate position-
ing of the linear array of electrodes 10, the position of the
linear array of electrodes 10 1s corrected by either pulling
and/or further inserting the esophageal catheter 11. After this
positional correction, the above three (3) ECG, LES and
expiratory muscle verifications are repeated to confirm
adequate positioning of the linear array of electrodes 10 1n
the patient’s respiratory airways at the level of the patient’s
diaphragm.

Specific Influence of Each of the First, Second, Third and
Fourth Steps

Anatomical measurements have traditionally been used to
insert nasogastric catheters for feeding purposes. However,
using only this method catheters are frequently placed into
the lung instead of the stomach, which induces a severe risk
for the patient’s health. Also, the catheter 1s often not placed
adequately 1n the stomach. This has lead to the development
of different means to verily accurate positioning of catheters
in the stomach using air infusion or suction of fluid and pH
measurements. Neither of these verification methods have
been shown {fully reliable. It has been found that to
adequately position the linear array of electrodes 10 at the
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level where the esophagus passes through the diaphragm
using existing anatomical measurements 1s unreliable when
this technique alone 1s used.

Although the first step uses the above described regres-
sion coetlicients to predict the insertion distance clearly
improves the probability that the linear array of electrodes 1s
appropriately positioned, this first step alone cannot ensure
that the linear array of electrodes 10 actually has arrived in
the position where the esophagus 1s passing through the
diaphragm (e.g. the esophageal catheter 11 can fold, curl, or
get 1nto the lungs).

The second step of using the ECG can confirm that the
esophageal catheter 11 1s adequately positioned. In most
patients, this step could be used by 1tself to detect adequate
positioning of the linear array of electrodes 10. However, in
several patients, cardiac anomalies, pathologies and/or
arrhythmias prevents reliable detection of adequate elec-
trode array positioning based on ECG only.

If the appropriate ECG pattern occurs and coincides with
anatomy based prediction of the insertion distance, this
certainly strengthens the probability that the linear array of
clectrode 10 1s adequately positioned at the level of the
patient’s diaphragm. However, experimental evidence has
indicated that this cannot ensure that the catheter has not
been inserted 1nto a lung.

If the appropriate ECG pattern occurs and coincides with
EAdi signals (detected by the pairs 1-7 of electrodes 10), this
certainly strengthens the probability that the electrode array
1s 1n adequate position, and excludes the possibility that the
esophageal catheter 11 has penetrated one lung. If the length
of 1nsertion of the esophageal catheter 11 conforms with the
length pre-calculated 1in response to the anatomical measure-
ments, this further strengthens the probability of adequate
positioning of the linear array of electrodes 10.

The third step consisting of using the LES activity can
also confirm that the esophageal catheter 11 has been
approprately positioned. Similar to ECG, 1n many cases this
method could be used by 1tself to determine the position
where the electrode array should be positioned. However,
LES activity 1s often intermittent and thus not always
present at the time of catheter insertion such that reliable
clectrode array positioning cannot always be based on LES
activity alone.

If the LES activity 1s present and coincides with anatomy
based prediction of the catheter insertion length, this cer-
tainly strengthens the probability that the electrode array 1s
adequately positioned. Also, 1t 1s very unlikely that the
esophageal catheter 11 has been passed into a lung.

If the LES activity 1s present at or immediately below the
channels (pairs of electrodes 10) associated with detection of
the EARd1 center, this certamly strengthens the probability
that the array of electrodes 10 1s adequately positioned. This
also excludes the possibility that the esophageal catheter 11
1s located in one lung. If the length of insertion of the
esophageal catheter 11 conforms to the length pre-calculated
in relation to anatomical measurement, this further strength-
ens the probability that the array of electrodes 10 os
adequately positioned.

The fourth step consisting of performing an occlusion can
confirm that mspiratory activity 1s associated with ispira-
tory pressure generation. However, this step cannot verily it
the linear array of electrodes 10 actually has been positioned
at the level where the esophagus passes through the dia-
phragm.

Also, the fourth step 1s not applicable 11 the patient 1s not
breathing or 1f the patient i1s paralyzed. In contrast, the first,
second and third steps are not dependent on breathing and
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also not affected by paralysis such that they allow detection
ol adequate electrode positioning even 1n patients who are
not breathing or are paralyzed.

Naturally, removal of one of the above described steps
weakens the probability of detecting adequate positioning of
the array of electrodes 10 mounted on the distal end section
of the esophageal catheter 11. However, the sub-combina-
tions still have value.

As a mmimum for initial positioning, the anatomical

prediction should be confirmed by either ECG or LES
activity. IT NAVA 1s applied (1.e. EAd1 signals are present) an
occlusion should be performed to ensure that inspiratory
muscles are measured.

It 1s to be understood that the invention 1s not limited 1n
its application to the details of construction and parts 1llus-
trated 1n the accompanying drawings and described herein-
above. The mvention 1s capable of other embodiments and
of being practiced 1n various ways. It 1s also to be understood
that the phraseology or terminology used herein 1s for the
purpose of description and not limitation. Hence, although
the present invention has been described hereinabove by
way ol non-restrictive illustrative embodiments thereof,
these embodiments can be modified at will within the scope
of the appended claims without departing from the spirit and

nature of the subject invention.
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What 1s claimed 1s:

1. A method for positioning a linear array of electrodes
mounted on a distal end section of an elongated flexible
member 1n a patient’s respiratory airways at the level of the
patient’s diaphragm, comprising;

inserting through the patient’s respiratory airways a

length of the elongated flexible member pre-deter-
mined to position the linear array of electrodes at the
level of the patient’s diaphragm:;

detecting through the electrodes of the linear array signals

representative of an electrical activity of the patient’s

diaphragm (EAd1);
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detecting lower esophageal sphincter activity 1in the EAdi

signals; and

detecting adequate positioning of the linear array of

clectrodes 1n the patient’s respiratory airways at the
level of the patient’s diaphragm as indicated by the
detected lower esophageal sphincter activity.

2. A method for positioning a linear array of electrodes as
defined 1n claim 1, further comprising correcting the posi-
tion of the linear array of electrodes 11 the adequate posi-
tioming of the linear array of electrodes 1s not detected.

3. A method for positioning a linear array of electrodes as
defined 1n claim 1, wherein detecting lower esophageal
sphincter activity in the EAdi signals comprises filtering
frequencies of EAdi signal components from the EAdi
signals to 1solate lower esophageal sphincter signal compo-
nents.

4. A method for positioning a linear array of electrodes
mounted on a distal end section of an elongated flexible
member 1n a patient’s respiratory airways at the level of the
patient’s diaphragm, comprising;:

inserting through the patient’s respiratory airways a

length of the elongated flexible member pre-deter-
mined to position the linear array of electrodes at the
level of the patient’s diaphragm:;

detecting through the electrodes of the linear array signals

representative of an electrical activity of the patient’s
diaphragm (EAdi);

detecting lower esophageal sphincter activity 1in the EAdi

signals, wherein detecting lower esophageal sphincter
activity 1 the EAdi signals comprises applying a
cross-correlation algorithm to determine the location of
the lower esophageal sphincter activity 1 the EAdi
signals; and

detecting the position of the linear array of electrodes in

the patient’s respiratory airways in response to the
detected lower esophageal sphincter activity.

5. A method for positioning a linear array of electrodes
mounted on a distal end section of an elongated flexible
member 1n a patient’s respiratory airways at the level of the
patient’s diaphragm, comprising;:

inserting through the patient’s respiratory airways a

length of the elongated flexible member pre-deter-
mined to position the linear array of electrodes at the
level of the patient’s diaphragm:;

detecting through the electrodes of the linear array signals

representative of an electrical activity of the patient’s
diaphragm (EAd1);
detecting lower esophageal sphincter activity in the EAd1
signals, wherein detecting lower esophageal sphincter
activity 1 the EAdi signals comprises applying a
polynomial function to the EAdi signals to enhance
lower esophageal sphincter signal components; and

detecting the position of the linear array of electrodes in
the patient’s respiratory airways in response to the
detected lower esophageal sphincter activity.

6. A method for positioning a linear array of electrodes
mounted on a distal end section of an elongated flexible
member 1n a patient’s respiratory airways at the level of the
patient’s diaphragm, comprising:

inserting through the patient’s respiratory airways a

length of the elongated flexible member pre-deter-
mined to position the linear array of electrodes at the
level of the patient’s diaphragm:;

detecting through the electrodes of the linear array signals

representative of an electrical activity of the patient’s

diaphragm (EAd1);
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detecting lower esophageal sphincter activity in the EAd1

signals; and

detecting the position of the linear array of electrodes 1n

the patient’s respiratory airways in response to the
detected lower esophageal sphincter activity;

wherein:

the linear array of electrodes comprises a plurality of
pairs of electrodes to produce the EAd1 signals; and

detecting the position of the linear array of electrodes
in the patient’s respiratory airways in response to the
detected lower esophageal sphincter activity com-
prises detecting adequate positioning of the linear
array ol electrodes in the patient’s respiratory air-
ways at the level of the patient’s diaphragm upon
detecting a negative correlation located at or below
pairs of electrodes indicating the position of a center
of the patient’s diaphragm depolarizing region.

7. A method for positioning a linear array of electrodes
mounted on a distal end section of an elongated flexible
member 1n a patient’s respiratory airways at the level of the
patient’s diaphragm, comprising:

inserting through the patient’s respiratory airways a

length of the elongated flexible member pre-deter-
mined to position the linear array of electrodes at the
level of the patient’s diaphragm:;

detecting through the electrodes of the linear array signals

representative of an electrical activity of the patient’s
diaphragm (EAdi);

detecting lower esophageal sphincter activity in the EAd:

signals; and

detecting the position of the linear array of electrodes 1n

the patient’s respiratory airways in response to the
detected lower esophageal sphincter activity;

wherein:

the linear array of electrodes comprises a plurality of
pairs of electrodes to produce the EAd1 signals; and

detecting the position of the linear array of electrodes
in the patient’s respiratory airways in response to the
detected lower esophageal sphincter activity com-
prises detecting adequate positioning of the linear
array ol electrodes in the patient’s respiratory air-
ways at the level of the patient’s diaphragm upon
detecting lower esophageal sphincter activity at or
below pairs of electrodes producing EAd1 signals 1n
which a P-wave of the patient’s ECG disappears.

8. A device for positioning a linear array of electrodes
mounted on a distal end section of an elongated flexible
member 1n a patient’s respiratory airways at the level of the
patient’s diaphragm, wheremn a length of the elongated
flexible member pre-determined to position the linear array
of electrodes at the level of the patient’s diaphragm 1s first
inserted through the patient’s respiratory airways and
wherein the device comprises:

means for detecting signals representative of an electrical

activity of the patient’s diaphragm (EAd1) through the
clectrodes of the linear array;

means for detecting lower esophageal sphincter activity 1n

the EAdi signals; and

means for detecting adequate positioning of the linear

array of electrodes in the patient’s respiratory airways
at the level of the patient’s diaphragm as indicated by
the detected lower esophageal sphincter activity.

9. A device for positioning a linear array of electrodes
mounted on a distal end section of an elongated flexible
member 1n a patient’s respiratory airways at the level of the
patient’s diaphragm, wheremn a length of the elongated
flexible member pre-determined to position the linear array
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of electrodes at the level of the patient’s diaphragm 1s first
inserted through the patient’s respiratory airways and
wherein the device comprises:

a first detector of signals representative of an electrical
activity of the patient’s diaphragm (EAd1) through the
clectrodes of the linear array;

a second detector of lower esophageal sphincter activity
in the EAd1 signals; and

a third detector of adequate positioning of the linear array
of electrodes in the patient’s respiratory airways at the
level of the patient’s diaphragm as indicated by the
detected lower esophageal sphincter activity.

10. A device for positioning a linear array of electrodes as
defined in claim 9, wherein the second detector comprises a
correlator for applying a cross-correlation algorithm to
determine the location of the lower esophageal sphincter
activity in the EAdi1 signals.

11. A device for positioning a linear array of electrodes as
defined 1n claim 9, wherein the second detector comprises a
filter for removing frequencies of EAdi signal components
from the EAd1 signals to 1solate lower esophageal sphincter
signal components.

12. A device for positioning a linear array of electrodes as
defined in claim 9, wherein the second detector comprises a
processor for applying a polynomial function to the EAdi
signals to enhance lower esophageal sphincter signal com-
ponents.

13. A device for positioming a linear array of electrodes
mounted on a distal end section of an elongated flexible
member 1n a patient’s respiratory airways at the level of the
patient’s diaphragm, wherein a length of the elongated
flexible member pre-determined to position the linear array
of electrodes at the level of the patient’s diaphragm 1s first
inserted through the patient’s respiratory airways and
wherein the device comprises:

a first detector of signals representative of an electrical
activity of the patient’s diaphragm (EAdi1) through the
clectrodes of the linear array;

a second detector of lower esophageal sphincter activity
in the EAdi signals; and
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a third detector of the position of the linear array of
clectrodes 1n the patient’s respiratory airways 1n
response to the detected lower esophageal sphincter
activity;
wherein:
the linear array of electrodes comprises a plurality of
pairs of electrodes to produce the EAd1 signals; and

the third detector detects adequate positioning of the
linear array of electrodes in the patient’s respiratory
arrways at the level of the patient’s diaphragm upon
detecting a negative correlation located at or below
pairs of electrodes indicating the position of a center
of the patient’s diaphragm depolarizing region.

14. A device for positioning a linear array of electrodes
mounted on a distal end section of an elongated flexible
member 1n a patient’s respiratory airways at the level of the
patient’s diaphragm, wheremn a length of the elongated
flexible member pre-determined to position the linear array
of electrodes at the level of the patient’s diaphragm 1s first
inserted through the patient’s respiratory airways and
wherein the device comprises:

a first detector of signals representative of an electrical
activity of the patient’s diaphragm (EAd1) through the
clectrodes of the linear array;

a second detector of lower esophageal sphincter activity
in the EAdi signals; and

a third detector of the position of the linear array of
clectrodes 1n the patient’s respiratory airways 1n
response to the detected lower esophageal sphincter
activity;

wherein:
the linear array of electrodes comprises a plurality of

pairs of electrodes to produce the EAd1 signals; and
the third detector detects adequate positioning of the
linear array of electrodes in the patient’s respiratory
arrways at the level of the patient’s diaphragm upon
detecting lower esophageal sphincter activity at or
below pairs of electrodes producing EAd1 signals 1n
which a P-wave of the patient’s ECG disappears.
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